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English summary 
Intensive care is a central and very resource-intensive part of the health care system. 
In Denmark, approximately 30,000 patients are treated in an intensive care unit 
(ICU) each year. During the last decades it has become apparent that ICU-survivors 
suffer from several sequelae including physical and mental problems, reduced 
ability to participate in activities compared to before ICU-admission and decreased 
quality of life. To reduce risk of impairments and their consequences for the 
individual patient, both prevention of ICU-admission and identification of risk 
factors for severe impairments is important. 
This thesis contains three cohort studies based on data from the National Patient 
registry, Civil registry, Danish cardiac arrest registry and DREAM. The purpose of 
the thesis was to investigate 1) Risk factors for ICU-admission and increased 
hospital length of stay among patients with out-of-hospital cardiac arrest (OHCA). 
2) Impact of organ support on return to work among patients with out-of-hospital 
cardiac arrest. 3) Impact of the ICU-stay on return to work in a general ICU-
population. 
In study 1 we showed that among OHCA patients, bystander interventions such as 
CPR and defibrillation were associated with a reduction in hospital length of stay 
(LOS) and risk of ICU admission. 
In the second study we showed that an increasing number of organ support in the 
ICU was associated with reduced rates of return to work. In this cohort particularly 
renal replacement therapy was associated with lower degree of return to work. 
Injuries following cardiac arrest are to a high extent caused by ischaemia, and our 
results may than indicate that organ failure reflects this damage and hereby is a 
predictor of possibility to resume activities as before arrest. 
In the third study we showed that 68% of ICU-survivors returned to work within two 
years. In addition we found that mechanical ventilation and longer duration of ICU-
stay, but not an increasing number of organ support or ‘Simplified Acute Physiology 
score’ (SAPS), were associated with delays and lower rate of return to work. 
Concurrently, disability benefits were common both among patients who never 
returned and patients who did return but thereafter left the workforce for a period of 
more than 4 weeks and patients who returned to work were not able to maintain 
salary as before ICU-admission. 
In conclusion our studies show that in-hospital morbidity is reduced by pre-hospital 
early interventions among cardiac arrest patients, concurrently this morbidity is 
associated with unfavourable long-term outcomes.  
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Dansk resume 
Intensiv terapi er en central, men også særdeles ressource-forbrugende del af 
sundhedsvæsenet. I Danmark indlægges ca. 30.000 patienter årligt. De seneste årtier 
er det blevet klart at patienter der overlever intensiv terapi ofte har både fysiske og 
psykiske følger, nedsat evne til at deltage i aktiviteter som før indlæggelse, samt 
nedsat livskvalitet. For at nedsætte risikoen for senfølger samt de konsekvenser det 
intensive forløb får for den enkelte patient, er både forebyggelse af indlæggelse på 
samt identificering af risikofaktorer for svære følger vigtig. 
Afhandlingen indeholder 3 kohortestudier baseret på data fra Landspatientregistret, 
CPR registret samt Dansk hjertestopregister og en forløbsdatabase fra 
beskæftigelsesministeriet (DREAM). Formålet med afhandlingen var at undersøge: 
1) Risikofaktorer for intensivindlæggelse blandt patienter med hjertestop udenfor 
hospital, 2) Betydningen af organ-support for tilbagevenden til arbejde blandt 
hjertestoppatienter og 3) Betydningen af det intensive forløb for tilbagevenden samt 
vedligehold af arbejde hos den generelle intensivpatient. 
I det første studie viste vi at præ-hospitale tiltag, såsom hjertelungeredning og 
defibrillering ved lægmand nedsætter både længden af det efterfølgende 
hospitalsophold samt risikoen for intensivindlæggelse blandt patienter med 
hjertestop udenfor hospital. 
I det andet studie viste vi at en stigende grad af organsupport var associeret med en 
reduktion i arbejdsgenoptagelsen efter hjertestop udenfor hospital. Specielt akut 
dialyse var forbundet med en lav arbejdsgenoptagelse. Blandt hjertestoppatienter er 
organsvigt i høj grad en følge af iskæmi, og dermed kunne disse resultater indikere, 
at en højere grad af organskade afspejler den iskæmiske skade patienten har 
pådraget sig under sit hjertestop, hvorfor graden af organsvigt forudsiger hvor stor 
en chance patienten har for at genoptage sit liv som før hjertestop. 
I det tredje studie viste vi at 68% af alle intensivpatienter, der overlever til 
hospitalsudskrivelse vender tilbage til arbejde indenfor to år. Vi fandt derudover at 
invasiv mekanisk ventilation og længere indlæggelsestid på intensiv, men ikke 
SAPS eller et stigende behov for organsupport var associeret med lavere grad af 
tilbagevenden. Samtidig viste vi i dette studie at sociale ydelser givet pga. sygdom 
var hyppige både blandt de der ikke vendte tilbage til arbejde, men også blandt de 
vendte tilbage men efterfølgende forlod arbejdsmarkedet i en længere periode og 
baldnt de der vendte tilbage til arbejde faldt årsindkomsten i de to første år efter 
intensivindlæggelse. 
Sammenfattende viste vores studier, at tidlige præhospitale interventioner nedsatte 
den in-hospitale morbiditet hos hjertestoppatienter og at forskellige mål for in-
hospital morbiditet, forudsiger tilbagevenden til arbejde efter kritisk sygdom for 
forskellige patientgrupper. 
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1. Background 
 
1.1 Introduction 
Intensive care constitutes a central part of the health care system, caring for critically 
ill patients. In Denmark, we have more than 30.000 ICU admissions a year.1 
Survival after intensive care have increased during the last decades, and 
concomitantly it has become apparent that long-term impairments leading to 
disability after ICU admission are common.2 The impairments encompass physical, 
cognitive and mental health problems. All of these impairments hold potential to 
affect function in society as before arrest, and in working age survivors, the ability 
to work may be compromised.3–5  
The chance of a successful outcome following critical illness relies on a complex 
interplay between pre-existing patient related factors, the type and character of the 
illness itself, the individual host response to the given illness and the resulting 
degree of organ dysfunction, which has previously been illustrated by the PIRO-
model(predisposition, insult, response, organ dysfunction).6  In turn each of these 
four domains of the model, as well as their interplay resulting in the individual 
course of critical illness, hold ability to result in or affect the emergence and severity 
of  impairments and hereby affect long-term outcomes.   
Within a heterogeneous severely ill population, OHCA patients constitutes a 
relatively homogeneous group. The OHCA-insult is characterized by a sudden 
circulatory arrest, and hypoxic brain injury a feared adverse outcome. The 
pathophysiological process leading to this is relatively well described as is the  
impact of early resuscitative interventions reducing both mortality7,8 and long-term 
impairments.9,10  Nevertheless in OHCA the relation between pre-hospital 
interventions and the course of the following illness affecting critical care and 
hospital resource utilization is largely unknown. Further, for both OHCA and 
general ICU-patients the impact of in-hospital factors on potential long-term 
impairments remains unclear. 
The aim of this thesis was therefore to address the impact of prehospital risk factors 
and interventions on hospital LOS and proportion of ICU admission in OHCA 
patients and to address the impact of severity of illness on return to work, 
maintenance of work and income after ICU admission in both OHCA- and general 
ICU-patients of working age, working before ICU-admission.   
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1.2 Epidemiology and Critical illness  
 Introduction to intensive care 
Intensive care is a relatively new speciality. The idea of caring for the severely 
injured in a separate unit is dated back to the Crimean war in the1850s and expanded 
during world war II11, and the first intensive care department using positive pressure 
ventilation is dated back to Denmark in 1953.12,13 Since then, intensive care have 
evolved and expanded extensively following the understanding of pathophysiology 
of several organ dysfunctions and the concomitant development of supportive 
technology.11  Intensive care is now a central part of the health care system, offering 
observation as well as organ support treatment for all patients suffering critical 
illness with risk of or an existing organ failure.14 Treatment and observation in an 
ICU is still, as in the 1950’s, resource and cost extensive, as both staffing, 
observational equipment, and technology-level is high.  
 ICU patients 
As modern ICUs receive patients from all clinical specialties, the ICU-population is 
a case mix of a wide range of medical and surgical patients in need of observation 
and/or treatment in an ICU.14 Cause of admission may be either acute or elective, 
and some patients are only admitted shortly for routine observation as for example 
after major elective surgery. Additionally, duration and criteria for similar ICU 
admissions may vary with hospital size, region, countries, capacity, patient 
population and over time due to changes in guidelines. Therefore, no common 
characteristics describe ICU patients, but rather an existing need of observation or 
treatment in the ICU as well as a potential reversibility of the condition.14 
Consequently, ICU-patients constitute a markedly heterogeneous population. 
Survival after treatment in the intensive care have increased during the last 
decades.15,16 This increase occurred concurrent with increased resource utilization in 
the ICU and increased rates of discharge to rehabilitation facilities15,17 With the 
growing population of ICU-survivors and the increased need of rehabilitation, it has 
become apparent that ICU care comes at a cost, both for the individual patient and 
society.18 
 Out-of-hospital cardiac arrest 
Cardiac arrest is defined by abrupt interruption of the heart’s electrical function, 
compromising the pump function and hereby circulation to vital organs.  Clinically, 
it is diagnosed by loss of consciousness and absence of normal breathing.19 Cardiac 
arrest is not a disease in itself, but rather a symptom of an underlying critical illness 
and a part of all deaths. Due to the geographical placement, OHCA is, compared to 
the majority of in-hospital cardiac arrest, typically not preceded by any severe 
deterioration of health. OHCA will therefore often be the first symptom of severe 
illness, although approximately every fourth OHCA is preceded by symptoms or 
disease. Emergency medical services(EMS)-witnessed arrests is in this context a 
special group where all patients had some sort of preceding condition or complaint 
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that lead to the EMS activation. Therefore, these patients are likely similar to 
patients with in-hospital cardiac arrest, hence they constitute a population different 
from other OHCAs with optimal condition for a successful resuscitation attempt.20  
Incidence of and outcome after OHCA varies between countries, and in Denmark 
approximately 3,500 patients experience OHCA a year.7 The main cause of OHCA 
is an underlying cardiovascular disease and other causes include  pulmonary disease, 
drowning, trauma etc.21,22 The ‘Chain of survival’ visualizes the important steps for 
successful resuscitation and consist of early: 1.Recognition and call for help, 2. 
Cardio pulmonary resuscitation (CPR) and 3. Defibrillation23 4. Advanced life 
support and post-resuscitation-care.24 In Denmark, survival has more than doubled 
in recent years.25 This increase has been attributed to several national initiatives 
including mandatory CPR courses when acquiring a driver’s license and in 
elementary schools, increases in physician-equipped mobile response units 
dispatched to OHCA emergencies, dispatch-assisted guidance in OHCA recognition 
and dispatch-assisted CPR and widespread dissemination of automatic external 
defibrillators (AED) in combination increased voluntary CPR courses and media 
attention directed towards increasing public awareness and knowledge on how-to.7,26 
Similar improvements following national initiatives have also been seen in other 
countries.27–31 The improved pre-hospital handling of OHCA have, in addition to 
increasing survival, been related to functional favourable outcomes, showing that 
these improvements go beyond survival.9,10,29,32–34  
The fourth link in the chain of survival consists of advanced life support and post-
arrest care. Despite common appreciation of these elements as central and important 
following OHCA, their impact on outcome is not as established as for the early 
interventions, and conflicting results exists for instance on the impact of therapeutic 
hypothermia.35,36 Advanced life support includes identification and correction of 
reversible causes, airway handling, delivery of drugs and treatment of arrhythmias 
as well as monitoring.37 These efforts continue into post-arrest care, and a large 
proportion of OHCA patients who survive to hospital admission are admitted to an 
ICU, and OHCA admissions constitutes approximately 6% of all ICU admissions.38 
Optimal post arrest care as well as transfer to critical care have been associated to 
improved short-term outcomes.39–43 The post arrest syndrome is well described and 
its severity the result of a combination of the cause of arrest, the comorbidity burden 
and prehospital factors such as duration and severity of arrest.44 Among survivors to 
hospital admission, cardiovascular death accounts for majority of deaths during the 
first three days, whereafter ischemic brain injury is the largest contributor to 
mortality.44 The main focus of post-arrest care is therefore to prevent or minimize 
existing brain injury. Central elements of ICU-post-arrest care include sedation, 
targeted temperature management, hemodynamic optimization, oxygen, seizure and 
blood glucose control.45 Moreover an important purpose of post arrest care is the 
allowance of sufficient time for neurological prognostication as well as increased 
focus on examination of rehabilitation needs.24  
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In the light of the heterogeneous ICU-population, ICU-patients with OHCA 
constitutes a small, but well-defined subpopulation of ICU-patients. Prehospital 
events, leading to hospital admission and necessitating ICU treatment are relatively 
well known, and this knowledge and relative heterogeneity of the population enables 
establishment of a link between pre-admission events and characteristics of the 
subsequent hospitalization. As the brain is the organ most sensitive to the ischemia 
caused by abruption of circulation, the leading cause of ICU-admission among 
OHCA patients is unconsciousness or decreased neurological functioning followed 
by circulatory instability.46,47 
 Organ support treatment in the ICU 
Despite the heterogeneity of the ICU-population, a potential or manifest organ-
failure is a common denominator.48 Examples of organ failures are failure of lungs, 
brain, heart, kidney, liver and coagulation48, and the most common support 
modalities are mechanical ventilation, inotropes/vasopressors and  renal replacement 
therapy (RRT).49 
In observational studies, it is important to bear in mind that the absence of registered 
organ support therapies may not be the same as the absence of organ failure 
requiring support.50 Threshold for both ICU-admission and the administration of 
organ support may vary with both type of illness and the underlying health of the 
individual patient and is in addition based on whether the treatment is considered 
futile. For instance clinicians would tend to withhold supportive therapy for a patient 
with severe organ failure and an underlying health condition (e.g. metastatic cancer 
or terminal Chronic obstructive pulmonary disease (COPD) making return to a 
normal life improbable6, and even with a more favourable prognosis the threshold 
for benefit of RRT and cardiovascular support is often debated for different patient 
categories.51,52 Hence, in observational studies,  the presence and absence of organ 
support can therefore not always be considered a direct measure of organ failure or 
need of treatment in the ICU.50  
The incidence of treatment therapies vary between studies, probably due to 
differences in case-mix. However, the incidence of mechanical ventilation is 
consistently high, with frequencies ranging from 53.7-65%.53 For cardiovascular 
support therapies frequencies range from 33%54 -80%53 and RRT is less commonly 
used, with incidence reported to range from approximately 10-13% in general ICU-
patients 53,55,56 The treatment modalities described are often used in combination57, 
e.g. 80% of  patients treated with RRT are reported to be concomitantly treated with 
both cardiovascular support and mechanical ventilation.58 Incidence of organ 
support therapy increase with increasing length of ICU stay.55,59,60 
 ICU Severity scores 
For general ICU-patients, several scoring systems to predict mortality include 
measures of degree and number of organ affection exists. Examples of scores 
commonly used are  the ‘acute physiology and chronic health evaluation’ 
(APACHE), SAPS and ‘sequential organ failure assessment score’ (SOFA).61–63  
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The latest revised edition of the APACHE score, APACHE IV, is based on three 
parts 1.physiological parameters, 2. Age of the patient, 3. Chronic diseases, and 
includes overall 129 variables.64  Physiological parameters include i.e. 
consciousness, heart rate, mean arterial blood pressure, respiratory rate, pH and 
Creatinine gathered in the first 24 hour of the ICU stay, and chronic diseases include 
liver cirrhosis, heart failure, Chronic obstructive pulmonary disease and chronic 
renal failure requiring dialysis, human immunodeficiency virus infection and 
haematological malignancies.65 The APACHE is very accurate in predicting ICU-
survival, however on a practical level it needs a significant amount of time for data 
entry and its use is hereby rather time-consuming.66  
In the data used in this thesis, the SAPS II was available. The SAPS II uses the 
worst values of 17 variables measured within the first 24 hours of ICU-admission 
and includes age, temperature, type of admission, systolic blood pressure, heart rate, 
Glasgow coma scale, White blood cell count,  Urine output, blood urea nitrogen, 
potassium, bilirubin, sodium and bicarbonate  level, arterial oxygen concentration, 
AIDS, metastatic cancer and hematologic malignancy. Hence compared to 
APACHE the SAPS score needs less data entry and has further been validated in 
several countries.64 As for the APACHE score the SAPS score is very accurate in 
predicting ICU mortality.64,67  
As a last example of a common predictive tool of ICU mortality, the SOFA score is 
commonly used. Even though the score was originally designed to assess severity of 
organ failure in sepsis patients,68 the highest, mean and an increasing score has been 
shown to predict mortality in general ICU patients.69 The score is based on 
measurements of organ failure (respiratory, cardiovascular, hepatic, coagulation, 
neurologic and renal) at 24 hours after ICU admission and repeated every 48 hours 
hereafter.64  
Despite the overall predictive accuracy of all of the described scores their 
performance vary with  patient population including patients with acute kidney 
injury, patients on extra corporal membrane oxygenation and cardiac arrest.64 The 
variation may reflect that different clinical symptoms, biomarkers and organ 
affections represent slightly different prognosis across different patient categories. 
Moreover, in patients admitted more than 10 days to the ICU, severity of illness 
recorded in the first 24 hours after admission is no longer associated with in-hospital 
mortality.70  
The scores described above all include measures of organ dysfunction, and several 
studies have explored the impact of organ failure on prognosis of the critically ill. 
However only few and conflicting reports on the relation between organ failure and 
long-term functional outcomes exists.4,5  Both the need of  mechanical ventilation, 
need of  RRT as well as longer duration of these types of organ support therapies 
have been shown to reduce survival chances, however knowledge of this impact 
across patient categories does not exist.55,56,71  Further organ failure during ICU 
admission have in previous studies failed to predict long-term survival70,72 and acute 
kidney failure have been shown not be associated with health-related quality of 
life.73–75  
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 Prognosis after critical illness 
Knowledge of both the short- and long-term prognosis of critical illness is 
important, both to guide clinical decision-making, to understand the impact of 
different symptoms/events and to inform the patient and relatives. The PIRO-model 
illustrates the very complex interplay between pre-existing, insult-related and host 
response related factors resulting in a degree of organ dysfunction.6 This model also 
applies for the OHCA patients, however for this patient group prehospital events 
may have a relatively large impact on outcome compared to the general ICU 
population. The ICU scoring systems described above also includes various 
elements from each of the domains of the PIRO model and are important in the 
prediction of the short term prognosis, in particular short term mortality. 
However, with the growing ICU survival and recognition of the fact that a large 
proportion of ICU survivors experience various combinations and severity of 
physical, cognitive and mental health impairments, following ICU admission the 
prediction of a favourable long-term outcome have become increasingly 
important.2,76–78 
Impairments following ICU admission and their epidemiology has been described as 
an entity and termed ‘Post intensive care syndrome’ (PICS).79 As for mortality, risk 
factors for development of PICS can be categorized into pre-existing and ICU-
related factors, and vary dependent on whether cognitive, physical or psychiatric 
sequelae are studied.80 Examples of major pre-existing risk factors are pre-existing 
cognitive deficits and a history of psychiatric disease.81 Examples of ICU-related 
risk factors are delirium82,83, prolonged mechanical ventilation84, renal replacement 
therapy85 as well as presence of Acute respiratory distress syndrome (ARDS)86, and 
sepsis.87 OHCA patients are probably at risk of PICS due the ischaemic nature of 
sequelae holding potential to influence especially cognitive functions, however the 
impact of in-hospital therapy in this category remains largely unknown. 
 Long-term functional outcomes of critical illness  
In 2001 The World Health Organization (WHO) performed a conceptual framework 
for categorization of physical, cognitive and mental health outcome-measures into 
impairments in structure and function, activity limitation and participation in social 
roles.88  The framework has been used to measure disability following a wide range 
of severe illnesses,89 and using this classification in studies of outcomes after critical 
illness is recommended to facilitate comparisons between different publications.  
As the PIRO model, this framework also illustrates the complex interplay between 
the patient, the illness and the treatment, however the primary focus of this 
framework is the resulting potential disability rather than survival. First, the pre-
admission health of the patient affects impairments following critical illness. If the 
patient suffers from chronical illness or has an aggressive cancer, this might affect 
the future impairments, beyond both the injuries caused by a cardiac arrest and 
events in critical care.2 Still, organ failure and hereby critical illness may in itself 
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cause physical impairments. Impairments that may lead to activity limitations, which 
in turn may lead to restriction of participation in social roles. Limitations in activity 
and participation is as a common notation termed disabilities.  Disabilities in 
combination with the perception of these disabilities affect quality of life. Hence 
pre-hospital status, severity and type of illness, potential impairments and the ability 
to handle these impairments are all separate but dependent aspects of the response to 
critical illness. However, these aspects accumulate to a level of disability.2 
Often structural or physical impairments are routinely quantified by physicians 
during an ICU and hospital stay and examples of this are measures of forced 
expiratory volume in one second (FEV1), 6-minutes-walk test, cardiac ejection 
fraction and neurological assessment. Further the prevalence of such impairments 
following critical illness have been quantified in several studies.90 In turn, these 
physical impairments may or may not cause limitations in abilities and the link 
between physical impairments and limitations is not always one-to-one but rather 
heterogeneous. Limitations are defined by impairments found in tests in a 
standardized environment and examples of such tests are tests of cognitive executive 
function such as mini Mental state Examination91, swallowing test, up and go tests 
and the heterogeneity of the linkage to physical impairments is illustrated by the fact 
that similar brain injuries detected on a CT-scan may lead to various results in the 
mini Mental state Examination.2  
Disability is, according to the framework, defined by restriction in participation in 
social roles, and is an interplay between structural impairments, limitations and the 
individual patient in combination with the social and technological environment of 
the patient. Inability to work is a common measure of disability, or correspondingly, 
return to work is a common measure of preserved function following an event, as is 
performing activities of daily living.2  Return to work has been assessed among  
several subgroups of survivors after several types of severe illness, for instance 
cancer92, stroke93 and trauma.94,9518 
Lastly, as an addition to the WHO framework, it is recommended to include or relate 
the study of long term outcomes to the health related quality of life.2,89 This measure 
assesses the ‘relative desirability of measured or estimated health status’, and hereby 
includes the preference of the patient in the measurement of outcome. Health related 
quality of life is typically assessed by Short Form 36 (SF-36), a questionnaire of 36 
questions where the patient can rate their physical and mental health status.96  
Several scales and indexes combined several aspects from the framework when 
measuring functional outcomes. As examples of this are: the WHO’s Disability 
assessment schedule was developed (WHODAS 2.0)  that assesses  disability across 
six major life domains97, and the Health utility index98, taking cognitive and physical 
functioning as well as emotional status into account. 
 In conclusion the framework produced by the WHO serves as a tool to understand 
sequelae after critical illness as a sequential process. Return to work is a measure of 
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the capability to participate and function in society as before an event, and when 
interpreting this measure it is important to understand that an acquired incapability 
to work emerge through a complex interplay. The papers of this thesis explored 
small pieces of this large and complex process. 
 Study design in critical illness 
In randomised trials the random allocation of patients minimize risk of bias by equal 
distributions of confounders and measurement error among study participants 
receiving and not receiving the treatment respectively.99,100 Therefore randomized 
trials or reviews of randomized trials are often considered golden standard of 
evidence. However, this may primarily be true for the testing of an effect of an 
intervention.  Still, not all interventions can be tested by randomization as for 
instance random allocation of prehospital interventions in OHCA as well as 
randomizing delivery of organ-support to patients with manifest organ failure would 
not be considered ethical. Further, the randomised design do have limitations and 
last for studies of prognosis, reviews or cohort studies may be preferred.100  
As the ICU-population is very heterogeneous, equal distribution of confounders 
would necessitate a very large study population. This could be handled by restricting 
the study population to a smaller subpopulation with fewer confounders, however 
this could limit generalizability of such a study. Even with these obstacles overcome 
selection bias may also occur due to of differential loss to follow-up among 
intervention groups even in a large scale randomized trial.101 Differential loss to 
follow up may be a problem especially when a long duration of follow up is 
necessary. Therefore a randomized study of long-term outcomes following ICU-
admission even with a large sample size may not be generalizable, even though the 
internal validity may be high.102  
Therefore, when aiming at representing an unrestricted sample of ICU patients, 
cohort studies may be preferred and may even have additional advantages compared 
to randomised prospective designs, in particular when studying return to work. 
However, in cohort studies, cautious handling of confounders and interpretation of 
data as well as carefulness regarding conclusions about causality are important. 
When designing a cohort study, it is important to take into account sources of 
selection and information bias as well as confounding and addition consider the 
possibility of chance.  Hereby we minimize the risk possibly erroneous conclusions 
of causality. However if such sources of bias are properly accounted for, and despite 
the fact that bias and chance may still exist and arise from unmeasured or residual 
confounding, cohort studies are valuable in the study of in particular prognosis of 
the critically ill. 
1.3 Background and existing literature 
 Pre-hospital risk factors for ICU-admission following OHCA 
Prevention of long-term disability begins with the prevention of critical illness.2 
Therefore, it is important to investigate how different efforts reduce risk of organ 
failure and minimize risk of complications to avoid or reduce long-term disability.103 
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Risk factors for ICU-admission in general and following OHCA are not extensively 
studied. Therefore we reviewed the literature for evidence on risk factors for ICU 
admission following both OHCA and in general. 
 Existing literature 
For OHCA patients, Petrie et al found in a study of health care costs104 that 61% of 
113 survivors to ward- or ICU-admission, were admitted to an ICU, however they 
did not identify risk factors for ICU admission.105 In a similar Dutch study of health 
care costs Van Alem et al found that early defibrillation reduced health care costs 
due to reduced length of ICU stay.106 This study  did not explore risk factors for 
ICU-admission, and did not report exact rate of ICU-admission, however 
approximately 90% of the 144 patients were admitted to an ICU.106    
Early predictors of ICU-admission are studied in many different settings and patient 
populations, and predictors of ICU-admission in one population may not apply to 
another. Still, across different study-populations age, comorbidities and markers of 
severity of illness tend to recur as factors with an impact on the risk of ICU 
admission. As such in 43.000 Acute myelogenous leukaemia-patients age below 80 
years, increasing number of comorbidities and presence of infection predicted ICU-
admission.107 Among patients admitted with a dengue infection, patients admitted to 
an ICU were older and more often had diabetes. For these patients the combination 
of early markers (e.g. hypotension, organ affection, low platelet count) indicating 
severe illness, predicted ICU-admission.108  In addition comorbidities as well as 
increasing age was risk factors for ICU-admission across different patient 
populations.109,110 
In conclusion, sparse amounts of evidence suggest that delayed initiation of relevant 
treatment is related to increased risk of ICU admission in OHCA. General factors 
with an impact on the risk of ICU admission are age, burden of comorbidities as 
well as markers of severe illness. Hence, the relation between pre-hospital 
interventions and the subsequent hospitalization remains sparsely studied. 
 Return to work following OHCA 
Long-term patient centred outcomes following OHCA are important, 111 and with 
the improved survival to hospital admission, the prognostic value of the in-hospital 
course have become increasingly important.  Anoxic brain damage is common and 
feared following OHCA112, hence evaluation of outcome following OHCA focus on 
the presence and the functional impact of such an injury with potential to result in 
both physical and mental impairments. Physical impairments following OHCA are 
mainly neurological which is often measured by the Cerebral Performance score 
(CPC) and the modified Rankin scale (mRs) often in addition to the measuring 
instruments described above.111,113 Common mental sequelae following OHCA are 
anxiety, depression114 and are important to recognize and possibly treat. 
Severe organ dysfunction following OHCA, may to some extent reflect the 
ischaemic injury caused by the arrest. Return to work is a proxy for regaining life as 
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before arrest and thereby an indicator for a favourable neurological outcome. 
Further, capability to return to work following severe organ dysfunction and 
support, indicates that the damage was transient rather than permanent, and that the 
OHCA in itself and the following hospital course did not affect the mental health of 
the patient to a degree that limited the patient in resumption of work. 
 Existing literature 
Literature with return to work after OHCA as primary outcome is sparse and its 
relation to the in-hospital course, is to our knowledge, not previously studied. We 
performed a literature search with the terms: (("Out-of-Hospital Cardiac 
Arrest"[Mesh]) AND ("Employment"[Mesh] OR "Return to Work"[Mesh])), which 
only returned the two relevant studies summarized in the top of table in table 1. By 
inspection of references of these articles, we identified 8 relevant articles.  
In a recent cohort study of return to work among 796 Danish 30-day OHCA 
survivors, demographic, socioeconomic and prehospital associated factors was 
explored. 76% survivors were employed after 2 years and lower age, higher 
education, higher income, arrest 2006-2011 vs 2005-2005, as well as bystander CPR 
and bystander defibrillation was associated with increased chance of return to work. 
Furthermore, 30-day survivors who returned to work, stayed in the work force for a 
median of 3 years and maintained salary at a pre-arrest level.9  
Similarly an earlier smaller Danish study of return to work, among comatose OHCA 
survivors treated with targeted temperature management, 65% of patients working 
pre arrest, returned to work32, and in addition previous studies reported similar 
rates.115–117 
Contrarily lower rates of return to work following OHCA has also been reported.  In 
an early Swedish study 40 (42%) of   95 survivors working prior to arrest returned to 
work119, and in another study out of 14 employed survivors only 4 (29 %)  returned 
to work. Moreover, in a German study only 7 out of 17 survivors employed prior to 
arrest returned to work.121  
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 Return to work following intensive care 
The emergence of PICS and increased survival among patients admitted to ICU 
suggest a need to study long term patient-centred outcomes with focus on 
determinants and modifiable predictors of poor functional outcomes. In line with 
this, several scientific societies have recommended focus on long-term patient-
centred outcomes following ICU-admission.122 In recent years, long-term outcomes 
following intensive care have been extensively studied.18  
No consensus or golden standard exists with regard to long-term outcome 
assessment of ICU survivors.18,122 As in OHCA patients, return to work after ICU 
and hospital discharge may reflect an ability to participate and function 1819in society 
as before hospitalization with critical illness, and it is as such an important outcome 
from both a patient and societal perspective.  
 
 Existing literature 
We identified studies exploring employment outcomes following ICU admission, 
with the following search: 
("Employment"[Mesh] OR "Return to work"[Mesh]) AND ("Intensive Care 
Units"[Mesh] OR "Critical illness"[Mesh]) NOT "Workplace"[Mesh] which gave 96 
hits. By title and abstract review we found x studies to be of interest and these are 
summarized in table 2. 
Overall, studies on return to work following ICU-admission show divergent results. 
Four studies measured return to work among general ICU-survivors and found that  
return to work ranges from 50-78% after 1-2 years3,124–126 An early study of ARDS 
patients treated with extracorporeal membrane oxygenation (ECMO) showed a very 
low proportion of patients who returned to work (26%)127, however a recent large 
study of  346 survivors working prior to ICU admission  only 44% were jobless one 
year after ARDS, and that lower severity of illness measured by a modified 
sequential SOFA score was associated with increased chance of return to work ( OR 
2.4 95% CI: 1.12-5.0).4 In patients with severe sepsis admitted to an ICU, 60% of 42 
patients returned to work128 and in ICU-admitted trauma patients return to work also 
diverged, ranging from 34 to 57% after 1 year. 129–131  
Lastly, a recent Australian multicentre study studied the impact of disability among 
ICU survivors. Based on WHO’s disability assessment schedule they assessed return 
to work in 107 patients working prior to admission. After 6 months 60% had not 
returned to work due to disabilities.  Predictors of disability were  
anxiety/depression, divorce, longer duration of mechanical ventilation, and this 
disability was associated with not returning to work.89  
Small study populations were a common limitation of all studies of return to work 
after critical illness. In addition all studies were follow up studies with great 
problems of loss to follow up, which may have biased the results. 
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2 Aims of the thesis 
 
1. To explore prehospital factors associated with hospital length of stay and ICU-
admission in out-of-hospital cardiac arrest. 
 
2. To explore the association between organ-support treatment in the ICU and 
return to work in out-of-hospital cardiac arrest. 
 
3. To explore the association between organs support treatment in the ICU and 
return to work in a general ICU population. 
 
We hypothesized that return to work would be low following ICU-admission, both 
for OHCA survivors and the general ICU-population and that it would decrease with 
increasing degree of organs supported in both patient populations. Furthermore it 
was our hypothesis that patients with prehospital interventions had a reduced 
hospital LOS and reduced need of intensive care, probably due to reduced 
morbidity. 
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3 Methods 
3.1 Study design and setting 
In all three studies of this thesis, a register-based nationwide cohort design was used. 
In Denmark, all citizens are at birth given a civil registration number, which enables 
linkage between registries and ensures a high degree of follow-up.  
In the first two studies we studied survivors after OHCA. For this we used the 
Danish cardiac arrest registry, as the Danish EMS personnel in all five regions of 
Denmark here have reported every incidence of OHCA since June 1st 2001 as 
described in detail in both study 1 and 2 of this thesis. 
In the first two studies we also used information on whether patients were admitted 
to an ICU and in study three identified our study cohort among patients admitted to 
an ICU. Since 2005, The Danish Intensive Care Database, a quality Database 
established to monitor quality of the intensive care, have obtained data from the 
Danish national patient registry on date of ICU admission, duration of ICU-LOS and 
mechanical ventilation, and from 2011 information on SAPS II score. The Danish 
Intensive care Database have collected and validated data from all admissions to an 
ICU. Therefore, as described by the Danish Intensive Care Database we identified 
all ICU-admissions using the Danish procedure codes NABE/NABB.1 
3.2 Data sources  
 The Danish National Patient Registry 
For all three studies we used data from Danish National Patient Registry containing 
information on all hospital admissions since 1977, and since 20015 codes for ICU 
admission and procedures concerning this.135 The registry contains admission and 
discharge dates, information on type of admission (emergency room, outpatient or 
inpatient), procedure codes, codes added to procedures, a primary admission diagnosis 
and secondary diagnosis, which in the study period was classified according to the 
International classification of diseases (ICD) 10th revision. In all three studies we used 
information from this registry to quantify pre-existing comorbidities, identify ICU-
admission and calculate hospital LOS by combining consecutive admissions 
including transfers between departments, allowing a maximum of 1 day between these 
admissions. In study three we further used information on primary admission 
diagnosis for the hospital contact and type of admission (acute/elective surgical or 
non-surgical) from this registry.   
 The Danish Civil Personal Registration Registry 
In all three studies, we used information from the Danish Civil Personal Registration 
Registry.136 The Civil Personal Registration System holds, on a daily basis, 
information on migration and vital status for each Danish citizen. Additionally this 
registry assigns the unique civil registration number to each Danish citizen either at 
birth or migration, enabling linkage between registries. 
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 The Danish Cardiac Arrest Registry 
For studies 1 and 2 we used data from the Danish Cardiac Arrest Registry. The 
Danish Cardiac Arrest Registry holds information on all out-of-hospital cardiac 
arrests in Denmark from June 2001 to December 2014, in which a resuscitation 
attempt was initiated either by EMS personnel or by bystanders. The registry 
includes information on date and time of arrest, location of arrest, witness status, 
cerebral status(awake, not awake, as recorded by the EMS personnel at arrival to the 
hospital),  initial recorded heart rhythm, whether the patient was defibrillated by 
EMS, time from call to EMS arrival and bystander cardiopulmonary resuscitation 
and bystander defibrillation.7  
 The Dream registry 
For studies 2 and 3, we obtained data on work status and return to work from the 
DREAM registry137, a registry administered by the Danish Labour Market 
Authorities that holds weekly information on all social transfer payments (benefits) 
since 1991. A citizen is registered as being on social transfer payment when he or 
she receives one or more days of social benefits within a week. Data from this 
registry have previously been validated by Hjollund et al, and the positive predictive 
value of being self-supportive was as high as 98,2%.137  
 The Danish Prescription Registry 
For study 3 we used information from the Danish prescription registry also known 
as the ‘Register of medicinal Products Statistics’. This registry holds information on 
all prescriptions dispensed from outpatient pharmacies, with data on CPR, drug 
according to the Anatomical Therapeutic Chemical (ATC) classification, total 
prescription dosage and date of sale 138,139 We identified patients with dispenses of 
antidiabetic drugs, or drugs related to anxiety or depression 180 days prior to 
hospital admission.   
 Statistics Denmark 
For study two and three we obtained Income and status of living alone from 
Statistics Denmark, where these data are available on a yearly basis, and for study 
three we obtained these data from statistics Denmark’s integrated database for 
labour market research(IDA). 
 Regional data on duration of ICU-admission 
From the electronic patient journal we obtained information on duration of ICU-
admission for patients admitted to an ICU department at Aalborg university hospital 
south in the years 2005-2014 as well as registered codes for ICU duration reported 
to the Danish national Patient registry. 
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3.3 Study populations, exposure, outcome and confounders 
 Study populations 
For study 1 we studied the impact of prehospital interventions on both hospital LOS 
and proportion of ICU-admissions among OHCA patients. To be able to explore the 
effect of in particular bystander interventions, we excluded EMS-witnessed arrest as 
well as OHCAs with a presumed non-cardiac cause of arrest from this study. Further 
to reduce the influence of early death, among patients who did survive to hospital 
admission, however with a detrimental prognosis, we included only patients who 
survived to the first day following OHCA. Similarly for the analysis of hospital LOS 
we excluded patients who died before hospital discharge. As such a short hospital 
LOS represented a favourable outcome rather than early death. Lastly for the 
analysis of ICU admission, we excluded OHCAs from before 2005, as data on ICU 
admission did not exist prior to this year.  
In study two we studied the impact of ICU therapy following OHCA on return to 
work, and therefore only included OHCAs from 2005 and onwards. As the impact of 
organ failure is probable to persist across causes for arrest, we contrary to the first 
study, included both non-cardiac causes of arrest as well as EMS witnessed arrest, 
however did exclude the latter patients in a sensitivity analysis. As the outcome of 
interest in this study was return to work, we only included patient 18-65 years of 
age, who were working prior to arrest. As a last exclusion criteria we excluded all 
patients treated with dialysis prior to arrest, to ensure that renal replacement therapy 
represented a part of the post cardiac arrest syndrome. 
For study 3, instead of only OHCA patients, we included all patients admitted to an 
ICU for more than 72 hours in the period 2005-2014. The remaining exclusion 
criteria were similar to the study on organ support following OHCA, however in this 
study we did not include any non-ICU patients and to avoid patients only admitted 
for short routine observation we further excluded patients with missing data on ICU-
LOS.  
As previously described by using the procedure codes NABE/NABB we identified 
patients admitted to an intensive care department for all three studies, however only 
for study three we excluded patient registered with codes for intensive care not 
registered by non-ICU departments, as defined by the Danish Intensive Care 
Database. 1401   
 Exposures 
In study 1, the primary exposure were bystander efforts, and because very few 
patient received bystander defibrillation without CPR we divided patients into three 
categories. 1. No bystander efforts. 2. Bystander CPR only. 3. Bystander-
defibrillation with or without bystander CPR.141 
For both study 2 and 3 number of organs supported in an ICU after OHCA was our 
exposure, as were the individual type of organ support. Organ support was defined 
as organ support during ICU admission after OHCA before day 30.  As SAPS-scores 
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and ICU-LOS further are measures of severity of illness, we explored these as 
additional exposures in study 3. 
 Outcomes 
For study 1 we explored hospital LOS and proportion of ICU admission as proxies 
for severity of illness following OHCA.  
For study 2 return to work was primary outcome, and in this study 2 we defined 
return to work as the first 2 week span, counting from day 30 after OHCA, in which 
patients received no social benefits, except from state education fund grants, 
maternity leave or leave of absence.   
Return to work was also the primary outcome for study three, however in contrast to 
OHCA-survivors, in this study-population more patients had periods of up to 4 
weeks of no social benefits before either death or longer periods of social benefits.  
Therefore to ensure that we did not misinterpret short periods of missing 
registrations in the DREAM registry as return to work, we only quantified such 
periods as self-support if they were longer than four weeks.  
For study 3 we included maintenance of work defined by duration of time in the 
work force until a leave of more than 5 weeks. Further, in study three for patients 
who returned and did not retire or die within the first year after return we compared 
income in the year before hospital admission with the first two years year following 
hospital admission, to quantify whether patients were able to maintain salary 
following ICU-admission. Lastly, for ICU-patients who did not return to work, we 
quantified social benefits in the year following discharge, and for patients who 
returned to work but withdrew within the first year after return we quantified social 
benefits in the first four weeks of withdrawal.  
For study 2 and 3 we performed several analysis not included in the papers due to 
lack of space. We quantified maintenance of work for OHCA patients, and for both 
OHCA-patients and general ICU-patients who returned to work and did not die or 
retire in the year following return to work, we calculated the proportion of social 
benefits during the first year after return to work to quantify the prevalence of both 
shorter and longer leaves among patients who were able to return to work. This 
measure was previously used among patients admitted with acute myocardial 
infarction.142   
 Potential Confounding 
For all three studies covariates for the models were selected using Directed acyclic 
graphs (DAGs). This method is a structural approach to the identification of and 
control of confounding factors. A DAG visualises assumptions and knowledge the 
author have about the scientific question. Through an underlying mathematical 
model, sources of confounding leading to systematic bias and potential structural 
bias arising from the selected statistical model can be identified. A DAG can support 
the researcher in identifying a minimal sufficient set of adjustment variables and to 
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explore how the existing study design may lead to bias.143 However, as a DAG is 
only a visualisation of both existing knowledge, beliefs and the author’s subjective 
perceptions of the research question, it is important to bear in mind that by using 
DAGS, confounding may still be present. Importantly we can never be sure that all 
potential confounders are included and even in the case of knowledge on all 
confounders, a DAG is still subjected to subjective interpretation of the included 
factors and their mutual relations in the present research question.  
The concepts of selection bias, information bias and confounding can be visualised 
and understood through DAGs.144 Arrows indicates causal directions and if we for 
instance know that prehospital health affect the clinical decision of ICU-admission, 
we should add an arrow from prehospital health to ICU-admission. In DAG-theory a 
path is defined as an unbroken sequence of arrows that do not pass through the same 
variable more than once, and can be both causal and non-causal.  The expression 
‘backdoor path’ covers that another path, than the direct path from exposure to 
outcome exist, and if not blocked will lead to bias. This is illustrated in the figure 
below.  
 
Figure 1. The green circle illustrates exposure, the blue circle the outcome. The 
green arrow represents the research question and the red circle and red arrows a 
backdoor path and hereby a source of confounding of the research question. 
Selection bias is a systematic error that occurs when the association between 
exposure and outcome is different in the selected cohort compared to the general 
population. In DAG terminology, selection bias is structurally defined, as an open 
backdoor path that occurs, when study participation is conditioned on a common 
effect of exposure and outcome or a cause of these.145 Selection bias may occur due 
to baseline selection, loss to follow up and also missing data. 
Information bias is a bias that arise if a non-random measurement error or 
misclassification is dependent on the outcome or the exposure, also termed 
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‘dependent differential misclassification’. Several sources of information bias exist, 
if we for instance use proxy variables, these may not reflect the variable we are 
actually interested in, as for instance organ support as a proxy for organ failure, and 
in addition variables are often measured with error. For continuous variables 
information bias is often referred to as measurement error, and for categorical 
variables misclassification.  
Confounding is defined by a systematic bias that arises when we have a variable that 
is related to both the exposure and the outcome but not a link in the causal relation. 
However, in the theory behind causal diagrams, not all confounders lead to 
confounding in a given study. Therefore, in DAG terminology, the concept of 
confounding is preferred over a confounder. Structurally, in DAGs, confounding 
arises when exposure and outcome shares a common cause.145 In the acyclic graph 
this lead to an open backdoor path as illustrated above and hereby an association 
between exposure and outcome which is not caused by a causal relation. If such an 
open backdoor exist, we can close it by conditioning on this common cause in our 
model. Examples of conditioning are randomization, adjusting in a multivariate 
model, matching, stratification etc.  
For study 1 we identified by literature review of common confounders for outcome 
following OHCA as well as risk factors for ICU admission in general age146, sex147, 
comorbid conditions147, witness status9 and time interval between recognition of 
arrest and EMS arrival148, as well as year of arrest7 as potential confounders, and 
included these in our statistical models. However in this study unmeasured 
confounding may still occur, for instance do we not have information on whether 
clinicians refrained from intensive therapy despite unconsciousness, the quality of 
CPR and duration of intensive care or mechanical ventilation.  
For study 2, age, sex, educational background, comorbidities, calendar year of arrest 
and status of living alone were identified as confounders for the association with 
return to work.9 Additionally we included witness status, bystander CPR and 
bystander defibrillation in a separate model. These may be confounders, however it 
is also possible that organ support to some extent mediates the effect of these 
prehospital factors. To explore whether this is this case, an analysis of mediation is 
necessary. However, due to the existence of several both in-hospital and prehospital 
factors that could influence this process, mediation analysis was not considered 
feasible and without the scope of the research question.     
For study 3, age, sex53, educational background9, comorbidities54, calendar year of 
admission, whether patients lived alone9, pre-existing anxiety and depression89 and 
cause of admission were identified as confounders. However, as age, comorbidities 
and type of admission are included in calculation of the SAPS score these factors 
were not included in the regression model of associations between SAPS scores and 
return to work.   
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3.4 Statistical analysis 
In all three studies normally distributed continuous variables were reported using 
means and standard deviation and else medians and 25-75 percentiles. We present 
categorical variables with percentages and frequencies. Trends in temporal changes 
in continuous outcomes was analyzed using linear regression and for categorical the 
Cochrane-Armitage trend test. 
 Cumulative incidence (study I, II and III) 
We used the Aalen-Johansen estimator to depict the cumulative incidence of 
discharge alive and in-hospital mortality in study 1. In study 2 three we depicted 
return to work with death as competing risk for 30 day survivors after OHCA and 
90-day survivors after ICU admission. In both studies we depicted maintenance of 
work, also with death as competing risk, for patients who returned to work. The 
cumulative incidence does per see not take covariates into account, and due to 
different distributions of confounders among exposure-groups the adjusted relative 
risk of being in one group compared to another may change when confounders are 
included. 
 Regression models 
Inclusion of confounders are possible in regression models, and regression models 
are in general the relationship between a dependent variable and a set of independent 
explanatory variables plus unexplained random variation. In this thesis we have used 
linear regression for linear outcomes, logistic regression for dichotomous outcomes 
and Cox regression for time-to-event outcomes.  
Linear regression is based on some assumptions. In univariable and multivariable 
linear regression analysis, in study 1, we examined the association between 
bystander interventions and log-transformed hospital LOS. As data was collected 
from the nationwide Danish Patient Registry, the unexplained random variation 
deviations was considered independent, as systematic reporting bias of duration of 
admission is unlikely.The assumption of linearity was assessed using QQ-plots, and 
the model was checked by diagnostic plots of the residuals where no systematic 
trend in variation occurred. Assumptions were met when hospital LOS was log-
transformed. 
Also in study 1, we analyzed associations between prehospital factors and 
proportion of ICU admission using univariate and multivariate logistic regression. 
Logistic regression is used to model binary outcome returning an odds ratio. A 
logistic regression is also based on assumptions. As in linear regression, all 
observations should be independent. For each observation only two possible 
127outcomes must exist and that log of odds is a linear function on included 
continuous variables.  
In study 2 and 3 we used the Cox proportional hazard model to assess hazard ratio of 
time to return to work for number of organs supported, combinations of organ 
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support and individual types of organ support. We adjusted for confounders by 
multivariate Cox regression. 
The Cox regression model is a semiparametric model and therefore it makes no 
assumption about the underlying rate. However, the model assumes that censoring 
occurs independent given the covariates of the model. In general the model can be 
used to describe the association between exposure and time to the event of interest. 
Assumption of proportional hazards can be checked in many ways: log-log plots, 
Schönfield- and Martingale residuals. There is no consensus on best way to check 
the proportional hazards assumption.149  
For the exposure and selected confounders, we tested the assumption of proportional 
hazards by log-log plot and Martingale residuals to ensure that the hazard ratio did 
not change extensively over the time period. When assumptions were not adequately 
met for covariates and no interaction was found for the covariate in question, the 
analysis was stratified in the model on these variables. 
 Interaction/effect modification 
Interaction is a statistical term, denoting a situation where the influence of two 
variables on a third is not additive, as an example illustrated by that the effect of 
duration of a circulatory arrest on hospital length of stay would differ among men 
and women illustrated by a different slope on the linear relation for these two 
groups. Interaction is often considered in regression analysis, where inclusion of 
interaction terms improve the predictive value of the model. However, in clinical 
questions the impact of a significant interaction term is often hard to interpret, and 
the clinical relevant question is often whether the effect of an exposure differs 
significantly across subgroups, often termed biological interaction or effect 
modification. This can be tested by comparison of estimates across subgroups. In the 
first study of this thesis we primarily tested for statistical interaction, however in 
both study two and three we included several stratified analysis to examine a 
possible effect modification of the impact of organ support across subgroups.   
 Sensitivity analyses 
Sensitivity analysis are performed to test the robustness of a model. In study 2 we 
performed a number of sensitivity analyses: we excluded patients with EMS-
witnessed arrests and patients not awake at arrival to hospital to explore whether the 
associations between organ support and return to work was consistent for these 
populations. 
 Missing data and multiple imputation methods 
In observational studies, missing data is almost unavoidable, and if data is not 
missing completely at random, complete case analysis may yield biased estimates. 
As such, the risk of bias depends on the mechanism leading to missingness150 
Multiple imputation is a method that, based on the distribution in the observed data, 
creates multiple copies of the dataset, in which missing values are replaced by 
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imputed values. In our studies we created between 50 copies, which in imputation is 
suggested as more than sufficient and enough to reduce the variability created by the 
imputation process.150 For each of these datasets the regression model is fitted, and 
estimates from the combined model take uncertainty of the missing values into 
account.150 Multiple imputation is one of many methods to deal with missing data 
and is based on the assumption that data is missing completely at random or missing 
at missing at random.150 Data can be presumed to be missing at random, if we have 
information on all covariates predictive of missing data and if so, all these variables 
should be included in our imputation model. In all three studies of this thesis we 
used multiple imputation to estimate values of missing variables in our regression 
models, and presumed that data was missing at random. The assumptions was 
checked by inspection of missing data patterns and by inspection of plausible 
mechanism behind missing data, which did not lead us to suspect informative 
missing. For multiple imputation we used the substantive Model Compatibly Fully 
Conditional Specification multiple Imputation which is a relatively new approach 
ensuring that each covariate in a model with missing data is imputed based on a 
model appropriate for this variable(e.g. linear regression for continuous variables, 
logistic for binary and so on.) taking the substantive model as well as distributions 
of remaining variables into account.151  
 Ethics 
It is not necessary to obtain ethical approval for register based studies, but before 
execution, we reported all studies to the Danish Data protection Agency study 
1:(2007-58-0015, internal reference GEH-2014-017/I-Suite no. 02735). Study 2: 
2007-58-0015, internal reference GEH-2014-017/I-Suite no. 02735). Study 3 
Agency (2015-57-0002, internal reference 2016-051-000001 / Suite no. 432): 
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4 Results 
4.1 Study 1 
Study 1 included 6,519 OHCA patients, not witnessed by the EMS, ≥ 18 years old, 
with a presumed cardiac etiology to arrest, of whom 4,641 survived to day 1 after 
OHCA. 2,545 survived to hospital discharge. Among the 1-day survivors, we 
excluded 658 patients hospitalized before 2005 for the analysis of ICU admission 
leaving 3,983 patients for this analysis.141 
 Hospital LOS 
Among discharge survivors, we found that hospital length of stay differed 
significantly among bystander categories. For patients who did not receive bystander 
interventions, median length of stay was 20 days [Q1-Q3: 13-37], median length of 
stay was 16 days [Q1-Q3: 10-28] for patients who received only bystander CPR, and 
13 days [Q1-Q3: 8-20] for patients defibrillated by bystanders. To ensure that this 
finding was not influenced by differential death before hospital discharge, we 
depicted the cumulative incidence of being discharged alive, categorized by 
bystander efforts with death before discharge as a competing risk. Mortality was 
highest among patients who did not receive bystander interventions and lowest for 
those with CPR and defibrillation, concomitantly median time to death during 
hospital admission did not differ among bystander effort categories. 
In adjusted linear regression, bystander CPR and bystander defibrillation were 
associated with a reduction in hospital length of stay among patients surviving to 
hospital discharge. 
 ICU admission 
Among the 3.983 patients who survived to day one after OHCA between 2005 and 
2014, 3.047(76.5%) of these were admitted to an ICU, and the proportion increased 
during the study period. from 71.8% in 2005 to 80.0 % in 2014 (P-trend 0.017).  
In both univariable and multivariable logistic regression-models, bystander CPR and 
bystander defibrillation were associated with lower risk of admission to ICU.  
4.2 Study 2 
Among 33,789 patients who experienced an OHCA 2005-2014, 1,087 survived to day 
30, were employed prior to OHCA and of age 18-65 years. (Study 2)  
Among patients treated with organ support, most patients (n=494) received two types 
of organ support, and the majority of these (n=488) received mechanical ventilation 
in combination with cardiovascular support. These organ support therapies were also 
the most common organ support therapies in patients receiving one type of organ 
support, 142 (67.0 %) received mechanical ventilation and 34(16.0%) cardiovascular 
support.  Overall, 33 patients received RRT and of these, 26 patients received all three 
types of organ support.  
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Overall 80.5% [95% CI: 78.1-82.9%] returned to work in a two-year follow-up period, 
and 3.1% [95% CI: 2.1-4.2%] died. In patients not treated in the ICU return to work 
was 88.5% [95% CI: 85.1-91.8] and decreased with increasing number of organs 
supported to 59.8% [95% CI 49.5-70.1] for patients with support of 3 organs. 
In multivariable Cox regression analysis we only included ICU-patients, and 
compared to patients with support of 0-1 organs patients with support of three organs 
had decreased chance off return to work, and these results were consistent across 
adjustment level and when excluding EMS-witnessed cases and patients awake at 
hospital arrival. 
We performed three multivariable Cox regression analyses of the association between 
the individual types of organ support and return to work. In these models, when 
compared to ICU-patients without support of the organ in question, patients with  both 
cardiovascular support and RRT were associated with reduced chance of return to 
work HR 0.65 [95% CI: 0.51-0.82] and 0.38 [95% CI: 0.23-0.65], respectively. 
Mechanical ventilation was not associated with reduced chance of return to work. 
In analyses not included in the paper due to limited space, we assessed maintenance 
of work for 893 patients who returned to work. When allowing for sick leaves of up 
to 4 weeks, 50% had withdrawn from work within a 5-year follow-up period. 
Maintenance of work did not differ across number of organ support. 
Figure 2 Detachment from work among OHCA patients who returned to work 
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We calculated a ‘Work participation score’ for 832 patients who returned to work and 
who did not permanently retire or die within a year after return to work. This score 
was high with a median work participation of 100% [95% CI: 98-100], and the score 
did not differ across the number of organs supported (P=0.36). Distribution of the 
‘Work participation score’ is shown in figure 3. 
 
 
Figure 3, Distribution of work participation among OHCA patients who returned to 
work and did not retire or die within the first year after return.  
4.3  Study 3 
We included 5,762 ICU-survivors to hospital discharge between January 1 2005 and 
December 31 2014, who were treated in the ICU for ≥ 72 hours and who were 
working prior to hospitalization. We excluded all patients with an ICU-LOS below 
72 hours as well as patients with missing data on ICU-LOS. ICU-departments 
receive economic compensation if patients are admitted ≥ 72 hours hence it is likely 
that patients with missing data on ICU-LOS have an ICU-LOS below 72 hours. 
However this assumption has not previously been validated. We therefore compared 
regional data for 18,153 ICU-patients admitted 2005-14 at Aalborg University 
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hospital with codes for ICU-duration reported to the Danish national Patient registry.  
Of these 5,543 patients did not have a code registered for duration of ICU admission 
and of these 5,187(93.6%) had an ICU-LOS below 72 hours.  
For return to work, median follow-up was 6.38 years, during which 4,274 patients 
returned to work. When taking death as competing risk into account, the cumulative 
incidence of return to work was 60.0% (95% CI [58.7-61.3]) 1 year after discharge 
and 68.0% (95% CI [66.8-69.2]) after two years.  
The one- and two-year mortality was 2.93% (95% CI [2.49-3.37]) and 4.24% (95% 
CI [3.72-4.77]). The chance of return to work differed with type of admission, primary 
admission diagnosis and need for organ support, and did not change over the study 
period (article III, Figure 2, Figures 4 -5). 
 
 
Figure 4 Cumulative incidence of return to work and mortality measured 2 years 
after hospital discharge by year of ICU-admission. 
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Figure 5. Cumulative incidence of return to work by type of admission and primary 
admission diagnosis 
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To assess how long the hospital and ICU discharge survivors stayed in the workforce, 
we depicted withdrawal from work for 4,274 patients who returned to work. Median 
time to withdrawal was 3.3 years and median follow up was 5.27(95% CI: 5.08-5.46]) 
years. 1,235 patients had withdrawn within one year after initial return(Paper 3 figure 
2).  
The median ‘Work participation score’ among 3,911 patients who returned to work 
and who did not retire or die within the first year of return was 100% [25-75%: 86.5-
100]), and 2878 (74%) did not receive any social benefits. The distribution of ‘work 
participation’ by type of admission and number of organs supported is shown in figure 
x. When comparing work participation across groups of number of organ support 
therapies the score was highest for patients with support of 0 organs, (p=0.01) and 
across admission type the work participation was lowest for acute surgical patients 
and highest for elective surgical patients (p<0.001). 
Figure 6, Work participation for general ICU patients who returned to work and did 
not retire or die within the first year after returning to work. Left: By number of organ 
support therapies. Right: by type of admission. 
For the same group of patients we compared yearly income in the year before ICU-
admission with the first and second year following ICU-admission and for both years 
income decreased with: -1,820 USD (95% CI [-2907:-726], p=0.001) and -1,902 USD 
(95% CI [-3136:-670], p=0.003), respectively. 
The social benefits during the first year after hospital discharge for 1,095 patients who 
never returned to work and who did not die within 1-year following hospital discharge 
are shown in table 3. and show that 89% primarily received disability benefits, 
including sickness benefit, flex job benefits (a social benefit for patients on early 
retirement pension) and early retirement pension, and that the proportion of permanent 
disability benefits increased among benefits disbursed for disability. Likewise, the 
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most commonly received social benefits during the first four week span of withdrawal 
during the first year after return is shown in table x. For these patients, unemployment 
accounted for 28% and sickness leave for 59% of the social benefits.  
 
Never returned 
to work 
(n=1,095) 
Returned to work 
But withdrew 
within one 
year after return 
(n=1,235) 
Age, median[25%-
75%] 47.5 [38.1, 54.1] 48.9 [35.3, 57.6] 
 
Social benefits  
after 1 year 
Social benefits  
after 2 years  
Unemployment:    
Unemployment 
compensation* 58 (5.3) 50(4.6) 347 (28.1) 
Disability:    
Sickness benefit* 710 (65.3) 315(29.1) 592 (47.9) 
Flexible job** 24 (2.2) 206(19.0) 43 (3.5) 
Early retirement 
benefit** 246 (22.6)  454(41.9) 92(7.4) 
Overall disability: 980(89.5) 975(89.0) 727(59.0) 
Retirement:    
Early retirement** 17 (1.6) 22(2.0) 96(7.8) 
State pension** 11(1.0) 13(1.2) 15(1.2) 
Overall retirement: 28(2.6) 35(3.2) 111(9.0) 
Other:    
Emigrated or 
missing data* 29 (2.6) 35(3.2) 50 (4.0) 
Table 3, Social benefits for patients who did not return to work during follow up and 
for patients who withdrew within the first year after return. 
In multivariable Cox regression with support of 0 organs as the reference group, we 
found that support of 1,2  and 3 organs was associated with reduced chance of return 
to work (HR 0.74 [95% CI [0.68-0.80]), HR 0.79 [95% CI [0.73-0.85]) and HR 0.77 
[95% CI [0.67-0.87], respectively. Other factors associated with reduced chance of 
return to work were acute surgical admission vs non-surgical and living alone vs not 
living alone. Contrarily, factors associated with higher chance of return to work were: 
Elective surgery, high education, increasing calendar year and diabetes (figure 6). 
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Figure 6, Multivariable Cox regression of return to work. COPD=Chronic obstructive 
pulmonary disease. IHD: Ischaemic heart disease.  
We stratified the adjusted Cox regression analyses of return to work by degree of 
organ-support by type of admission and by primary admission diagnosis for the 
hospital contact. Only for patients admitted primarily due to infection we found a 
significant dose response relationship between return to work and degree of organ 
support, with lower chances of return to work for patients with increasing number of 
organ support therapies.  
In addition to the number of organs supported we explored the associations between 
all combinations of organ support as well as the impact of the individual types of 
organ support and return to work, again in multivariable Cox regression analyses 
with no organ support as the reference group. In the first analysis, all treatment 
combinations including mechanical ventilation was associated with a reduced 
chance of return to work. This was not the case for treatment regimens not including 
mechanical ventilation. This association was confirmed in the analysis of 
associations between individual types of organ support treatment and return to work.  
(Figure 3.1-2, paper 3). 
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Lastly, we explored whether higher SAPS II scores and length of ICU stay predicted 
delays in return to work. In 4,399 patients admitted after 2010, we performed 
adjusted Cox regression models of SAPS II scores and ICU LOS with and without 
multiple imputation of missing values. Increasing ICU-LOS but not SAPS predicted 
decreasing chance of return to work. The imputed analyses did not differ from the 
complete case analysis (Paper 3, figure 4). 
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5 Discussion 
5.1 Main study findings 
This thesis had several main findings. In the first study we found that prehospital 
interventions reduced both rate of ICU-admission as well as hospital LOS in OHCA 
patients, indicating that benefits of prehospital interventions do not come at the 
expense of hospital resources. In the second study we found patients not admitted to 
an ICU had the highest chance of returning to work and that an increasing need of 
in-hospital organ support in patients admitted to an ICU following OHCA were 
predictive of reduced capability to return to work. In the third study we explored 
whether this finding also applied to a large nationwide cohort of general ICU-
patients surviving to hospital discharge with an ICU-stay of more than 72 hours. 
However, for these patients, mechanical ventilation but not an increasing degree of 
organ support was associated with decreased chance of return to work. Moreover, 
the early severity score SAPS II did not predict the chance of returning to work, 
whereas an increasing ICU-LOS was significantly associated with a decreased 
chance of returning to work.  
In addition we studied various measures of maintenance of work and found that 
OHCA patients who returned to work stayed in the work force for a long time, and 
majority of patients did not have a substantial burden of sick leaves. Similarly, the 
majority of general ICU patients who returned to work were also not substantially 
burdened by sick leaves. Nevertheless a third of ICU-patients who returned to work 
became detached from work for more than four weeks within one year after 
returning, and in addition the majority of these patients and patients who never 
returned to work became dependent on disability pension benefits.  Lastly general 
ICU patients who returned to work and who did not retire or die within the first year 
of return, were not able to maintain salary as before ICU-admission. 
5.2 Predictors of ICU admission and hospital LOS (Study 1) 
Our study was the first to examine associations between pre-hospital interventions 
and hospital LOS and proportions of ICU-admissions following OHCA. Generally 
there are limited data on determinants of such outcomes among OHCA-patients, 
nevertheless both our findings of length of stay and ICU-admission confirmed the 
results from a Dutch study of health care costs related to OHCA, where patients 
defibrillated more rapidly had a decreased length of ICU stay.106  
For a possible causal explanation of our findings, our results can be compared to 
experimental animal studies, where data from dogs indicated that insufficient 
delivery of oxygen and the duration of this was associated with multi-organ 
failure.152 If early interventions reduce degree of ischaemic tissue injury, decreasing 
the severity of the post-arrest syndrome and hereby reduced degree organ damage, 
this may be part of the causal explanation of  the reduction in hospital LOS and need 
of life support in an ICU.   
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5.3 Return to work (Study 2 and 3) 
Among all OHCA-survivors, we found that 80 % returned to work within two years. 
This proportion was slightly higher than in  previous Danish studies of OHCA 
patients.9,32 The small difference is likely explained by inclusion of different time 
periods or patient-populations. We studied data from 2005-2014, whereas the study 
from 2015 included patients from 2001-2011. In this study return to work increased 
over time, with a proportion of 77.6% returning to work during 2006-2011, thus 
comparable to our findings. The Danish study from 2013 only included ICU-patients 
treated with hypothermia, which is very likely to explain the lower rate of return to 
work of 65 % in this study. Contrarily in an American cohort of OHCA survivors 
treated with therapeutic hypothermia, this number was as high as 79% and hereby 
similar to return to work rates in our study.115 However, only 73% of survivors were 
interviewed, which may have led to selection bias, if only patients with the best 
outcomes attended.  
In our study of the general cohort of ICU survivors, return to work was lower than 
for the OHCA patients as 60 % and 68 % returned to work within one and two years 
respectively. Nevertheless this rate of return to work placed itself in line with the 
only two earlier studies of return to work among general ICU patients.3,125 Our study 
was the first to examine return to work following general ICU-admission in a 
nationwide scale, and extends previous study by size of study population, no loss to 
follow up and practically complete data on employment.  
5.4 Predictors of return to work (Paper 2 and 3) 
In both study 1 and 2 organ support therapy was associated with reduced chance of 
return to work, which to our knowledge has not previously been demonstrated. As the 
chance of return to work decreased with an increasing number of organ support 
therapies for OHCA patients, this was not the case for the general cohort of ICU-
patients. However, for the subgroup of patients admitted with infectious diseases as 
primary diagnosis for the hospital contact, we found a clear dose-response association 
between increasing degree of organ support and decreasing degree of return to work. 
Previous studies of organ support and long term outcomes are sparse, and in addition 
conflicting, as mechanical ventilation and its duration but not acute kidney injury is 
with poor long-term outcomes.73,744,55 That an increasing need of organ support do not 
hold potential to affect long-term outcomes is rather contra intuitive. However, our 
findings indicate that both our results and the conflicting literature may stem from 
differences in case mix, and that organ failure may be an important predictor of long 
term outcome in at least OHCA and infectious diseases. 
In our study SAPS II was not associated with return to work, which is in line with a 
previous study of ARDS survivors.5 Furthermore, such measures of severity of illness 
also including APACHE and SOFA apart from SAPS II are not predictive of long-
term survival in previous studies.7072 As for the impact of organ support, this finding 
is rather surprising, although it may be explained by a very high mortality for severely 
ill patients, so that patients with a high SAPS who survive are a highly selected 
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population.75  As a very significant predictor of reduced chance of return to work, we 
identified longer ICU-LOS. ICU-LOS reflect several aspects of the hospitalization. 
For instance patients with worse prehospital health, severe illness, complications and 
difficulties in weaning from mechanical ventilation would tend to have longer ICU-
LOS, and hereby ICU-LOS reflects the complex sum of several factors all with a 
potential to impact long term impairments. As such the relation between prehospital 
intervention and hospital LOS found in study 1 illustrates part of this complex 
interplay for OHCA patients. 
5.5 Maintenance of work (Study 2 and 3) 
For OHCA patients, median time to withdrawal was 5 years which was in line with 
the one previous study exploring this measure.9 For the general cohort, median time 
to withdrawal was lower than for OHCA patients. However reported proportion of 
sick leaves, part time jobs and new unemployment have previously been reported to 
be high in a small cohort of ICU-survivors.153 Further, in a larger questionnaire 
based study among ARDS survivors, unemployment rates was reported to be 25% at 
1 year and 37% after 5 years5, which is in line with our findings.  
Time to any longer leave of absence from work is one measure of maintenance of 
work, but does not take into account that patients may return again after a period of 
absence. Furthermore, the measure does not take into account shorter leaves of 
absence with subsequent return to work. Therefore, for both general ICU patients 
and OHCA patients who did return to work and who did not retire or die within the 
first year after return, we explored the total weeks of absence during the first year 
after return to work. The purpose of this measure was to assess sick leaves as a 
measure of vulnerability of patients who were able to work following severe illness. 
This measure have previously been used for cardiac patients, showing recurrent sick 
laves to be common among these.154 However, the vast majority of OHCA patients 
did not have any sick leaves whereas this was more common for general ICU 
survivors. As such these studies expound on the burden of shorter recurrent sick 
leaves among this population following return to work and substantiate that general 
ICU-survivors are a vulnerable population. 
5.6 Maintenance of income (Study 3) 
We observed a significant decrease in income for general ICU-patients, who returned 
to work, when comparing yearly income in the year before ICU-admission with the 
first two years after ICU-admission. This has only been investigated in one previous 
study.5 However, methods used to obtain income was different from our study. 
Moreover results may also be affected by structural differences in societies studied. 
In Denmark we have a public health insurance system, were both the employer and 
the employee is refunded when an employee is on sick leave. This may have several 
consequences: Firstly patients may to a large extent be economically compensated in 
Denmark, hence no difference in income. Secondly, the welfare system, and rules not 
to fire employees on sick leave, diminishes joblessness and allows for patients to 
return to work despite a large degree of sick leaves. Despite these advantages we still 
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found a decrease, indicating that even ICU-survivors able to return to work are not 
able to maintain income. 
5.7 Distributions of Social benefits (Study 3) 
To further explore mechanisms of absence from work, we studied the distributions 
of social benefits for general ICU-patients who never returned and for patients who 
returned but withdrew within one year after return. The majority of social benefits 
that patients received consisted of disability pension and sick leaves, indicating that 
health issues are leading causes of reduced return to work, withdrawal from work 
and lost earnings. 
5.8 Methodological considerations: 
Overall, in this PhD-thesis, we sought to establish and explore risk factors for and 
consequences of in-hospital morbidity in critically ill patients. However, several 
limitations may exist and may affect or even cause the associations found in studies. 
These limitations are 1. Selection bias, 2. Information bias, 3. Confounding, 4. 
Chance, which are all addressed in the sections below.  
 Selection bias 
Overall due to the register based design, we had minimal loss to follow up, and 
furthermore we included all patients with OHCA and all patients admitted to an ICU 
during our study periods.  
Overall in study I on prehospital interventions and ICU admission and length of stay 
in OHCA, we may have selection bias if registration to the Danish Cardiac Arrest 
Registry by EMS staff is not complete and if underreporting is systematic. However 
it is unlikely that there is a systematic underreporting problem that is associated with 
hospital length of stay and ICU-admission. In study I, for the study of ICU-
admission we only included survivors to day 1.  Hereby we may have introduced 
selection bias, as it is likely that both prehospital interventions and ICU-admission 
may increase the chance of survival to day 2. However, this restriction may also be a 
strength, as patients with a detrimental diagnosis at hospital admission will not be 
offered intensive care. If such patients were included in our analysis they would 
represent a non-salvageable population and the absence of ICU admission would 
reflect this rather than a less critically ill patient.  
In study 2 on organ support and return to work selection bias may arise through 
selection of ICU patients. In this study we did not exclude the registrations of ICU-
admission registered by non-ICU departments. These admissions account for 5-7% 
of ICU-admissions, and by including these we may have included less ill patients 
and hereby overestimated the chances of return to a small extent.  
In study 3 we excluded registrations from non-ICU departments, and hereby reduced 
this source of selection bias. We further excluded all patients with missing data on 
duration of ICU stay. This may have introduced selection bias, however it has been 
standard practice not to record codes for the duration of ICU stay for patients with a 
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stay below 72 hours, which we in this thesis validated in 18,153 ICU-patients.  As 
we furthermore excluded all patients with a registered ICU-LOS of less than 72 hrs 
this bias is likely to be very small. In addition patients with missing data on ICU-
LOS had less organ-support and higher rates of return to work and furthermore 
missing rates on ICU-LOS decreased with calendar time, however overall rates of 
return to work remained the same. Therefore underreporting of ICU-length of stay is 
unlikely to differential, but rather related to a running-in period following 
introduction of the codes for the length of stay, especially for patients with a shorter 
stay. The study of return to work is by nature restricted to survivors who were 
employed prior to arrest. Being employed prior to admission is in itself associated to 
increased health related quality of life compared to non-employed patients, 
indicating a better prognosis in this group compared to unemployed.3 Therefore, our 
findings of predictors of a good prognosis cannot be generalized to non-employed 
patients and not to other long term functional outcomes.  
 Information bias 
In all three studies either exposure or outcome were based on codes from the Danish 
National patient registry, and non-random misclassification of these would lead to 
information bias. However the PPV of the coding of intensive care admission, acute 
dialysis and mechanical ventilation are 95.9% (95% CI: 91.8-98.3), 98.0% (95% 
CI:91.0-99.8), and 100% (95% CI: 95.1-100), respectively155, and in shock patients 
the use of vasopressors/inotropes are validated with a PPV of 88.9((79.6-94.3).156  In 
addition several of the diagnosis used to quantify comorbidity are validated with a 
high PPV157, and further systematic erroneous registration of ICU/hospital length of 
stay is unlikely.  
In study 1 of ICU-admission and hospital LOS, the selection, of 1-day survivors 
described above, may actually decrease risk of information bias in this study design. 
We are interested in ICU admission as a proxy variable for severe organ damage, 
and by excluding un-salvageable patients who died during the first day after OHCA 
regardless of ICU-admission we only included 1-day survivors and the subset of 
these 1-day survivors who were not admitted to an ICU primarily consist of less 
critically ill patients. 
In study 2, our classification of organ failure by the proxy organ support therapy 
may also have introduced information bias. First, we may have underestimated the 
degree of organ failure, as we were only able to identify three types of organ failure. 
Oppositely, one can argue that mechanical ventilation, renal replacement therapy 
and cardiovascular support constitutes rather common and important types of organ 
failures, whereas for instance liver failure is rather seldom, whit many different 
implications. Still, based on the selected types of organ failures, information bias 
may arise if organ support is not administered with the same threshold for exposed 
vs unexposed patients. In this case organ support may not reflect the same degree of 
organ affection, and hereby not have the same predictive value. Nevertheless, under 
registration of organ support as well as reluctance to initiate treatment would bias 
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our findings toward no difference and we may therefore have underestimated the 
impact of organ failure on outcomes. 
Lastly employment data may be subject to misclassification. However, identifying a 
patient as working, using the DREAM registry has been validated, and the positive 
predictive value is as high as 98,2%.158 
Study 3 share sources of information bias with study 2. In this study the 
classification of organ failure is supported by the SAPS II scores and the duration of 
ICU stay. Furthermore, if we were to compare the chosen measures of organ support 
to a SOFA score,  presence of  RRT would give 4 points,  inotropic agents 2+ points 
and  invasive mechanical ventilation  3+ points, and any score of above 3 is 
considered a failure.50 
 Confounding 
Confounding is defined by a systematic bias that arises when we have a variable that 
is related to both the exposure and the outcome, and not a part of the causal relation. 
However, as previously described, it is not certain that all confounders lead to 
confounding.  
In our studies we have, based on directed acyclic graphs, included several 
confounders, however unmeasured or residual confounding may still be present. 
In study 1 the relation between prehospital factors and both ICU-admission and 
hospital length of stay could be confounded by insufficient adjustment for both pre-
admission comorbidity as well as age. However, by inclusion of these parameters, 
our estimates did not change. Unmeasured confounding due to changes in clinical 
practice over time may also be present, however the associations between bystander 
efforts and outcomes remained after adjustment for calendar year. 
In study 2, several confounders for the association between organ failure and return 
to work were identified. In this study age and comorbidities were also considered 
relevant confounders as these both may affect organ failure and its proxy organ 
support as well as the ability to return to work following a cardiac arrest. However, 
hazard ratios did not differ before and after adjustment. This is likely explained by a 
relatively young and not very comorbid population. Several other confounders were 
identified including status of living alone, educational level, sex and calendar year of 
arrest, but adjustment for these did still not change our findings. Unmeasured 
confounding for instance from unmeasured comorbidity and social factor cannot be 
excluded. The same goes for residual confounding due to insufficient level of 
adjustment for confounders already included in our analyses (e.g. quality of CPR). 
Missing data on prehospital variables may have introduced bias. However, multiple 
imputation analysis with missing data on prehospital variables did not differ from 
results based on pooled analysis of imputed datasets. Importantly, our findings were 
robust and persisted in all analyses and across strata of various variables indicating 
that the relationship between organ-support and return to work after OHCA is real. 
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In study 3 several potential confounders exist. First, if threshold of administering 
organ support therapy differed with variables affecting the ability to return to work, 
confounding may be present. For the analysis of organ support and duration of ICU-
admission we identified age, comorbidity, type of admission, status of living alone, 
socioeconomic status by educational level and income as such confounders, and our 
estimates remained after this adjustment. For the analysis of SAPS II, status of 
living alone, socioeconomic status by educational level and income was considered 
confounders. 
For the analysis of the effect of an increasing number of organ support on outcome, 
cause of admission may be considered a confounder. 
 Chance 
Due to the large sample sizes the majority of our finding are not subject to chance. 
However in the stratified analysis in study 2 and 3 as well as for the 26 patients with 
three organs supported this may be taken into consideration. However, the 
confidence intervals were still rather narrow for these groups, and we therefore 
consider our findings quite robust given the limitations described above. 
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6 Conclusions 
 
6.1 Study 1: ICU admission and hospital LOS following OHCA 
We found that bystander CPR and bystander defibrillation were associated with a 
lower risk of ICU admission as well as a lower hospital LOS among survivors to 
hospital discharge following OHCA.  
6.2 Study 2: Organ support and return to work following OHCA 
In this study we found that 30-day-survivors admitted to intensive care following 
OHCA have decreased chance of return to work compared to patients not admitted 
to an ICU. For ICU-patients return to work decreased with an increasing number of 
organs supported. Only a small proportion of patients needed both mechanical 
ventilation, cardiovascular support and RRT and among these more than 50% still 
returned to work.  
6.3 Study 3: Return to work following ICU admission 
Among ICU survivors to hospital discharge 68% returned to work after 2 years. 
Mechanical ventilation and longer ICU-LOS was associated with reduced chance of 
return to work. Patients stayed in the workforce for a median of 3.3 years. Sickness 
benefits and disability pension accounted for most of social benefits among patients 
who did not return to work during follow up and patients who withdrew from work 
within one year after return to work. Finally, among patients who returned to work, 
annual income levels were significantly lower in the years after ICU discharge 
versus in the year before ICU admission, indicating lost earnings due to health 
related problems.  
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7 Perspectives 
Overall this thesis adds considerable knowledge to the associations between the 
different phases of severe illness. The studies included in the thesis contributed with 
updated knowledge on chances of return to and maintenance of work following 
ICU-admission for both OHCA and general ICU patients. Furthermore, for both 
populations, this thesis provided new evidence on how several in-hospital factors 
differently influenced chances of returning to work, and insight into the impact of 
prehospital interventions on the in-hospital course following OHCA. These 
observations can both aid and guide future areas of research and support the process 
of clinical decision making and information to patients and their relatives.    
The assessment of factors with impact on the in-hospital course following OHCA 
expand the knowledge obtained in previous studies as they have primarily or 
exclusively focused on the relation between prehospital factors and mortality. As 
hypothesized, early interventions decreased the hospital LOS as well as ICU 
admission. It indicates that the increased survival resulting from bystander 
interventions is rather due to the early interventions in the prehospital setting than 
the increased use of health care resources. This observation encourages ongoing 
efforts to improve the prehospital interventions. Also this perspective should be 
considered in future quantifications of health related cost of OHCA. The 
mechanisms behind the demonstrated effect of early interventions needs further 
assessment, as for instance the association between timing and quality of early 
interventions and risk of ICU-admission.  
The impact of organ failure following OHCA on the chance of work resumption 
found in study two, have not been investigated in previous studies. The findings in 
study two suggests that the in-hospital course is of importance regardless of 
prehospital interventions. However, knowledge from this single study cannot be 
used to guide clinicians in predicting future needs for rehabilitation as a large 
proportion of patients returned to work despite treated with support of three organs 
and further very few patients needed this degree of support. More studies are needed 
to explore the relation between in-hospital factors after OHCA and the impact on 
both long- and short term outcome. Relevant outcomes to be explored encompass 
the need of rehabilitation, brain damage and nursing home admission. Additionally, 
the association between prehospital interventions and resulting organ failure needs 
investigation to further understand the mechanisms behind organ failure following 
OHCA.  
We hypothesized that an increasing degree of organ support would decrease the 
chance of return to work for general ICU-survivors as for the OHCA patients. 
However, this was surprisingly not confirmed. Furthermore, in subgroup analysis, 
increasing degree of organ support only lowered the chances of return to work 
among patients admitted primarily due to infection. These result may uncover that 
different mechanisms behind long term impairments may exist across the very 
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heterogeneous ICU population, which is important to keep in mind in the 
interpretation of differences and similarities of previous and future studies.  
The substantial proportion of patients never returning to or detaching from work and 
the subsequent prevalence of sickness benefits and disability pensions indicates 
substantial health problems following ICU admissions. This finding warrants a need 
to study other long term outcomes and their relation the levels of severity of illness 
and the therapy offered during the ICU stay. Important future studies include need of 
rehabilitation, home care and nursing home admission following ICU admission. In 
this context, elderly ICU patients is an expanding population and criteria for 
admission and level of care are controversial, changing over time and current 
clinical decisions are often based on poor levels of evidence.159 Hence future cohort 
studies exploring the associations between levels of care, severity of illness long- 
and short-term outcomes in the elderly ICU population are highly relevant.160 Still 
cohort studies cannot account for the selection of patients and therapy, warranting 
future interventional studies on beneficial levels of care. 
Our finding may have also have clinical implications. The substantial long term 
health burden following ICU admission outlines a need for attention of the sequelae 
and personal consequences for the individual patient. Currently, this receives great 
research attention. Based on the our  findings we could suggest regular out-patient 
hospital visits in specialised ICU out-patients clinics for mechanically ventilated 
patients with ICU LOS of more than seven days as a way to improve the patients 
mental and physical convalescence and concurrent prospective qualitative data 
collection. 
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